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Background.— Left ventricular (LV) longitudinal deformation is a good marker of intrinsic
myocardial dysfunction in pressure overload cardiomyopathies.
Aim.— To assess the effect of valvuloarterial haemodynamic load on LV longitudinal deformation
in patients with aortic valve stenosis (AVS) and preserved LV ejection fraction (LVEF).
Abbreviations: AVS, aortic valve stenosis; BSA, body surface area; ELI, energy loss index; EOA, effective oriﬁce area; GLS,
global longitudinal strain; LV, left ventricular; LVEF, left ventricular ejection fraction; LVID, left ventricular internal diameter;
LVOT, left ventricular outﬂow tract; MPG, mean pressure gradient; MWFS, midwall fractional shortening; PP, pulse pressure;
PWth, posterior wall thickness; PWV, pulse wave velocity; RWth, relative wall thickness; SAC, systemic arterial compliance;
SV, stroke volume; SVi, stroke volume index; SVR, systemic vascular resistance; VTI, velocity time integral.
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myocardique. L’utilisation de la pression aortique centrale dans le calcul du Zva ne semble pas
apporter de valeur prédictive supplémentaire par rapport au calcul incluant la simple mesure
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ackgroundortic valve replacement is indicated in patients with severe
ortic valve stenosis (AVS) when symptoms and/or left ven-
ricular (LV) systolic dysfunction (deﬁned as LV ejection
raction [LVEF] less than 50%) develops. However, LVEF
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ay remain unaltered during the course of the disease
espite latent and potentially irreversible alterations inS. Maréchaux et al.
Methods.— Global LV longitudinal strain (GLS) was measured using speckle tracking imaging in
a series of 82 consecutive patients with AVS (mean age 75± 10 years; 50% men). The global
(valvular + arterial) haemodynamic load imposed on the LV was estimated by the valvuloarterial
impedance (Zva), and was calculated using either arm-cuff systolic peripheral blood pressure
or systolic central aortic blood pressure estimated by SphygmoCor®.
Results.— Among this series of 82 patients with preserved LVEF, 79% had reduced LV GLS
(<−18%). LV GLS correlated weakly with AVS severity, systemic vascular resistance and sys-
temic arterial compliance. However, there was a good inverse correlation between increase
in Zva and impairment of LV GLS (r = 0.41 p < 0.0001). On multivariable analysis, impaired GLS
was associated with increased Zva (p < 0.0001), increased E/Ea ratio (p = 0.001) and increased
LV end-diastolic volume index (p = 0.021), while indices of valvular load were not. Utilization
of estimated central aortic blood pressure in place of brachial pressure did not improve the
performance of Zva to predict GLS.
Conclusion.— The magnitude of the global haemodynamic load as reﬂected by Zva is a powerful
determinant of altered LV longitudinal deformation in AVS patients with preserved LVEF. The
calculation of Zva may be useful to identify the patients who are potentially at higher risk
for the development of myocardial dysfunction. Use of estimated central aortic pressure in
the calculation of Zva does not appear to provide any incremental predictive value over that
calculated with the simple measurement of brachial pressure.
© 2010 Elsevier Masson SAS. All rights reserved.
Résumé
Contexte.— La déformation longitudinale du ventricule gauche (VG) est un bon marqueur de
dysfonction myocardique intrinsèque dans les cardiomyopathies avec surcharge de pression.
But.— Évaluer l’effet de la charge hémodynamique valvulo-artérielle sur la déformation lon-
gitudinale du VG de patients porteurs d’une sténose valvulaire aortique et d’une fraction
d’éjection préservée.
Méthodes.— La déformation globale longitudinale du VG a été mesurée à l’aide de l’imagerie
speckle tracking dans une série de 82 patients consécutifs porteurs d’une sténose valvulaire
aortique (âge moyen 75± 10 ans, 50 % d’hommes). La charge hémodynamique globale (valvu-
laire + artérielle) imposée au VG a été estimée par l’impédance valvulo-artérielle (Zva) et a
été calculée en utilisant soit la pression périphérique systolique brachiale au brassard, soit la
pression systolique centrale aortique estimée par le SphygmoCor®.
Résultats.— Parmi cette série de 82 patients avec une fraction d’éjection préservée, 79 %
avaient une déformation globale longitudinale du VG réduite (<−18%). La déformation globale
longitudinale du VG été faiblement corrélée avec la sévérité de la sténose aortique, les résis-
tances vasculaires systémiques et la compliance artérielle systémique. Toutefois, une bonne
corrélation était observée entre l’augmentation du Zva et l’altération de la déformation globale
longitudinale du VG (r = 0,41p < 0,0001). En analyse multivariée, l’altération de la déformation
longitudinale du VG était associée avec un Zva (p < 0,0001), un rapport E/Ea (p = 0,001) et un
volume télédiastolique du VG indexé (p = 0,021) plus élevés. L’utilisation de l’estimation de
la pression aortique centrale en remplacement de la pression brachiale n’améliorait pas la
performance du Zva comme déterminant de la déformation longitudinale du VG.
Conclusion.— L’importance de la charge hémodynamique globale représentée par le Zva est un
déterminant puissant de l’altération de la déformation longitudinale du VG des patients porteurs
d’une sténose aortique avec une fraction d’éjection préservée. Le calcul du Zva pourrait être
utile pour identiﬁer les patients potentiellement à risque de développement de dysfonctionyocardial function. Using M-mode tracings, Dumesnil et
l. reported in the 1970s that LV longitudinal systolic short-
ning is depressed despite normal LVEF in patients with
VS compared with controls [1]. Very recently, Cramariuc
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et al. demonstrated that a higher degree of LV hypertro-
phy and concentric remodelling is associated with decreased
LV longitudinal deformation assessed by two-dimensional
speckle tracking in patients with AVS [2,3]. In addition,
impairment of LV longitudinal shortening or strain corre-
lates with the presence of symptoms in patients with AVS
and predicts elicited symptoms during exercise testing in
the subset of asymptomatic patients [4,5]. However, the
relatively weak relationship between the LV longitudinal
strain and the severity of the valve stenosis suggests that,
beyond the narrowed valvular oriﬁce, other factors may
impact on LV longitudinal contraction in the setting of AVS
[6]. Recently, Briand et al. have demonstrated that sys-
temic arterial compliance (SAC) is frequently reduced in
AVS patients [7]. Hence these patients often have a dou-
ble haemodynamic load: a valvular load caused by the
stenosis and an arterial load caused by reduced arterial
compliance and/or increased vascular resistance. It is log-
ical to believe that the development of LV dysfunction as
well as the occurrence of symptoms and adverse events is
related to the global haemodynamic load that results from
the additive effects of AVS and hypertension. Briand et al.
proposed a new index measurable by Doppler echocardio-
graphy —valvuloarterial impedance (Zva) — to estimate the
global haemodynamic load imposed on the left ventricle [7].
This index integrates the mean transvalvular gradient, the
brachial systolic blood pressure and the stroke volume index.
Recent studies have reported that elevated Zva is an inde-
pendent predictor of reduced stress-corrected LV midwall
fractional shortening [8] and mortality [9] in AVS patients.
Use of central aortic blood pressure instead of peripheral
brachial pressure in the calculation of Zva potentially allows
a more precise assessment of the global LV haemodynamic
load. To this effect, several devices have been developed to
estimate non-invasively central aortic pressure. The aim of
the present study was to examine the relationship between
Zva and LV longitudinal deformation using either arm-cuff
systolic blood pressure or estimated aortic systolic blood
pressure in a prospective cohort of patients with AVS and
preserved LV ejection fraction.
Methods
Clinical data
During a 6-month period, consecutive patients with AVS
(peak aortic velocity > 2.5m/s) and LVEF greater or equal
to 50% referred to our echocardiography laboratory were
enrolled prospectively into the present study. Exclusion
criteria were atrial ﬁbrillation, LV systolic dysfunction
(LVEF < 50%), greater than mild aortic or mitral regurgitation
and history of myocardial infarction.
Signiﬁcant coronary artery disease was deﬁned as the
presence of a luminal narrowing greater than 50% on coro-
nary angiography. Body mass index was calculated as weight
in kilogram divided by height in metre square. Clinical data
included age, sex, history of smoking, documented history
of hypertension (including antihypertensive medications),
hypercholesterolaemia (patients on cholesterol-lowering
medication or with a low-density lipoprotein cholesterol
concentration greater than 160mg/dL in the absence of
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reatment), diabetes mellitus (fasting blood glucose greater
han 126mg/dL on two occasions or patients currently
eceiving an oral hypoglycaemic medication or insulin).
lasma levels of BNP were measured using the ACS 180 BNP
osage (Bayer®).
ascular function analysis
atients were studied in the supine position over a 1-hour
eriod following an overnight fast. The radial wave-form
as obtained using a high-ﬁdelity micromanometer (Mil-
ar Instrument, Houston, Texas) and 20 wave-forms were
veraged. A series of radial pressure waves over an 8-
econd period was together averaged and calibrated for
he peak and nadir of the wave, with the best esti-
ate of upper limb systolic and diastolic pressures using
cuff sphygmomanometer and phase I and V, respectively,
f Korotkoff sounds. The ascending aorta waveform was
btained by applying a generalized mathematical transfer
unction to the radial artery waveform using a SphygmoCor®
ystem device (AtCor Medical System, Australia). This device
llowed the determination of the aortic systolic, diastolic,
ulse (difference between systolic and diastolic pressure)
nd mean (diastolic pressure plus one third of pulse pres-
ure) pressures. Measurements were performed by two
xperienced operators (E.C., M.M.-S.C.) until the operator
ndex, an index of signal quality and reproducibility among
he 20 cycles, was greater than 70%.
Pulse wave velocity (PWV) (i.e., the speed at which the
ressure waveform travels along the aorta and large arter-
es during each cardiac cycle) is the gold standard for the
ssessment of aortic stiffness and is measured using the
phygmoCor® system. PWV is measured using the foot-to-
oot velocity method from femoral and carotid waveforms.
he time between the R wave of the electrocardiogram and
he foot of each waveform is calculated and the difference
etween times is the delay (t). The distance (D) covered
y the waves was calculated as the difference between
he sternum femoral distance and carotid sternum distance.
WV is calculated as
(m)/t(sec).
oppler echocardiographic analysis
chocardiograms were performed by two experienced
chocardiographers (S.M., P.V.E.) using a Vivid 7 ultra-
ound system (GE Medical Systems, Horten, Norway). Three
ardiac cycles were stored for each measurement, for sub-
equent ofﬂine analysis. Measurements were made over at
east three cardiac cycles and the average value calculated.
everity of aortic valve stenosis
eft ventricular outﬂow tract (LVOT) diameter wasmeasured
n mid systole from the parasternal long-axis view after
he outﬂow tract had been magniﬁed. Transvalvular aortic
elocity time integral (VTI), mean pressure gradient (MPG)
nd peak aortic velocity were obtained using non-imaging
ontinuous wave Doppler and the right parasternal view,
henever possible. Aortic valve effective oriﬁce area (EOA)
as determined by the continuity equation method using the
atio of the VTI across the valve and in the LVOT obtained
sing pulsed-wave Doppler and was indexed to body sur-
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ace area (BSA). The energy loss index (ELI) (i.e., the EOA
orrected for pressure recovery) was calculated using the
ollowing formula:
LI = (EOA ∗ (Aa/Aa − EOA)/BSA),
here Aa is the aortic cross-sectional area calculated from
he diameter of the aorta measured at the sinotubular junc-
ion [7,10,11].
ystemic arterial haemodynamics
ssuming a two-element Windkessel model, systemic arte-
ial compliance (SAC) was calculated as the ratio of stroke
olume index (SVi) to pulse pressure (PP) using either aor-
ic PP (SACAo) or brachial PP (SACb). The systemic vascular
esistance (SVR) was calculated as follows:
[80 × meanblood pressure]/cardiac output),
sing either aortic (SVRAo) or brachial (SVRb) mean blood
ressure.
lobal LV haemodynamic load
s a measure of global LV haemodynamic load, valvuloarte-
ial impedance was calculated as follows:
va = (MPG + SBP)/SVi,
sing either aortic (Zva Ao) or brachial (Zva b) systolic blood
ressure (SBP), where ZVa represents the valvular and arte-
ial factors that oppose ventricular ejection by absorption
f the mechanical energy developed by the left ventricle.
V diastolic function
iastolic function was assessed by measuring peak velocities
f the E wave (early diastole), the A wave (late diastole),
he deceleration time of the E wave, and the Ea wave
average of early diastolic lateral and septal mitral annu-
us velocity). The ratio of peak early mitral inﬂow velocity
E) to peak early diastolic myocardial velocity (Ea) was
alculated.
V geometry
eptal wall, posterior wall thickness (PWth) and left ventric-
lar internal diameter (LVID) were measured at end diastole
d) and end systole (s). The LV mass was calculated using
-mode with the corrected formula of the American Soci-
ty of Echocardiography and indexed for BSA. Relative wall
hickness (RWth) was calculated as follows:
Wth = 200 ∗ (PWthd/LVIDd).
V systolic function
olumes and ejection fraction (EF) were calculated using
he Simpson biplane method. Velocity time integrals (VTIs)
ere measured in the apical ﬁve-chamber view at the level
f the LV outﬂow tract using pulsed-wave Doppler to obtain
V stroke volume (SV) and cardiac output.
The midwall fractional shortening (MWFS) was calculated
sing this formula:
100 ∗ ([LVIDd/2 + PWthd/2] − [LVIDs/2 + PWths/2])
/(LVIDd/2 + PWthd/2).
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LV longitudinal strain measurement was performed
lindly ofﬂine by a single investigator (E.C.) using the
choPAC PC software BT 08 release (GE Medical Systems,
orten, Norway). Three cycle loops obtained from the api-
al four, two chamber and long axis views and recorded at
frame rate between 50 and 70 frames per second were
sed for this analysis. The left ventricle was divided into
8 segments and longitudinal strain was computed on six
asal, six mid-left ventricle and six apical segments after
aving determined aortic valve opening and closure using
oppler recordings. The automatic tracking of the endocar-
ial contour on an end-systolic frame was veriﬁed carefully
nd the region of interest was corrected manually to ensure
ptimal tracking. Global longitudinal strain was obtained as
he average of regional strains.
tatistical analysis
ontinuous variables are expressed as mean± standard devi-
tion. Categorical variables are summarized as percentages.
he relationships between strain values and continuous
arameters were analysed by Pearson’s correlation coef-
cients. To identify independent predictors of continuous
ariables, all variables with a p-value less than 0.05 in uni-
ariate analysis were submitted to a stepwise backward
ultiple-regression analysis. Multivariable models were con-
idered relevant if the variables entered in the model were
igniﬁcant (p < 0.05) and had a tolerance measure (equal to
he inverse of the variance inﬂation factor) greater than 0.7.
he relationship between estimated aortic systolic blood
ressure and brachial systolic blood pressure was anal-
sed with the use of linear regression, paired t tests and
land-Altman analyses [12]. The reproducibility in the mea-
urement of GLS was assessed ofﬂine, calculating the mean
ifference± standard deviation among 10 studies (average
f three cardiac cycles) on two occasions within a 2-month
eriod by the same investigator. Ten subjects were used
or reliability analysis between two observers (average of
hree cardiac cycles). A two-tailed p-value less than 0.05
as required for statistical signiﬁcance. Analyses were con-
ucted using SPSS 11.0 software (SPSS Inc., Chicago, IL, USA)
nd GraphPad Prism InStatTM version 5.0.
esults
atient characteristics
ighty-two consecutive patients were enrolled prospectively
nto the study. Clinical and echocardiographic character-
stics of the study population are presented in Table 1.
ifty-seven (70%) patients had severe AVS (ELI≤ 0.55 cm2/m2
SA) and 25 had mild or moderate AVS. Of the 57 patients
ith severe AVS, 45 reported signiﬁcant breathlessness, 19
xertional chest pain and ﬁve syncope. Sixteen patients had
history of acute pulmonary oedema.eterminants of global longitudinal strain
easurement variability
he reproducibility in the GLS measurement was
.57± 0.77% (Fig. 1); the intraobserver regression coefﬁ-
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Table 1 Demographic, clinical and echocardiographic
characteristics of the study population (n = 82).
Variable
Age (years) 75± 10
Men (%) 50
Body mass index (kg/m2) 25± 5
Diabetes mellitus (%) 24
Systemic hypertension (%) 69
Hypercholesterolaemia (%) 45
History of coronary artery disease
(%)
36
Treatment (%)
Angiotensin-converting enzyme
inhibitors (%)
50
Beta-blockers (%) 33
Calcium channel blockers (%) 21
Diuretics (%) 44
Statins (%) 56
Heart rate (beats/min) 73± 12
Arm cuff systolic blood pressure
(mmHg)
133± 24
Aortic systolic blood pressure
(mmHg)
125± 23
Left ventricular ejection fraction
(%)
64± 7
Aortic valve area (cm2) 0.83± 0.28
Aortic valve area index (cm2/m2) 0.46± 0.16
Energy loss index (cm2/m2) 0.51± 0.20
Mean transaortic pressure gradient
(mmHg)
42± 16
Peak aortic velocity (m/s) 4.08± 0.75
Data given as mean± standard deviation or %. Figure 1. Scatter plots of the difference between two mea-
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systolic function such as lower LVEF, MWFS, SVi and cardiac
output. Increased LV mass index, PWthd, LV end-diastoliccient was 0.98 (p < 0.0001). The mean difference± standard
deviation for GLS was 0.31± 0.88 (Fig. 1) and interobserver
regression was 0.96 (p < 0.0001).
Clinical and demographic data
Among the 1476 myocardial segments studied, longitudinal
strain analysis was feasible in 1386 (94%). The aver-
age GLS values in the whole cohort was —15.2± 3.2%
(median —15.6%; 25th—75th percentiles —17.5, —12.8%). GLS
was abnormally low (<—18%) in 65 (79%) of the patients
[6,13]. GLS was reduced signiﬁcantly in patients with exer-
tional breathlessness or with a history of acute pulmonary
edema compared with patients without (—14.7± 3.2 vs
—17.1±—2.6%, p = 0.004 and —13.3± 3.2 vs —15.8± 3.0%,
p = 0.002, respectively). GLS was similar in men and women,
and in patients with versus without hypertension, diabetes,
hypercholesterolaemia and a history of coronary artery dis-
ease. Similarly, there was no signiﬁcant association between
GLS and age, BMI and BSA. However, reduced GLS correlated
with increased plasma B-type natriuretic peptide concentra-
tion (r = 0.294, p = 0.012).
v
rurements of global longitudinal strain (GLS) and the mean values
btained by two measurements performed by the same observer
upper panel) and by two observers (lower panel).
ortic valve function
educed GLS correlated with decreased ELI (r =—0.363,
= 0.001, Fig. 2, Table 2) but not with MPG or peak aortic
elocity (Table 2).
ystemic arterial haemodynamics
here was no correlation between GLS and systolic or dias-
olic aortic blood pressures. Reduced GLS correlated with
ncreased SVRb (r = 0.236, p = 0.033) and SVRAo (r = 0.251,
= 0.023), and correlated with decreased SACb (r =—0.220,
= 0.047). There was a trend for SACAo (r =—0.183, p = 0.10)
Table 2). No relationship was observed between GLS and
WV (r =—0.134, p = 0.24). Both increased Zva Ao and Zva
were related to reduced GLS (r = 0.398, p < 0.0001 and
= 0.407, p < 0.0001) (Fig. 2, Table 2).
V systolic and diastolic function
educed GLS correlated with other indices of impaired LVolume index and LV ﬁlling pressure (as estimated by E/Ea
atio) were associated with reduced GLS (Table 3 and Fig. 2).
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migure 2. Relationship between global longitudinal strain (%) and
nergy loss index; (D) valvuloarterial impedance; (E) E/Ea ratio;
rterial compliance, systemic vascular resistance and valvuloarteri
ultivariable analysis
n multivariable regression analysis including variables of
ascular and LV diastolic function, the independent deter-
inants of reduced GLS were increased Zva b (p < 0.0001),
ncreased E/Ea ratio (p = 0.001) and increased LV end-
iastolic volume index (p = 0.021) (multiple R2 of the
odel = 0.35). Replacing Zva b with Zva Ao did not change the
ariables that were selected into the model: increased Zva
o (p < 0.0001), E/Ea ratio (p = 0.001) and LV end-diastolic
olume index (p = 0.023) (multiple R2 = 0.34).
After including the variables of LV systolic function
nd geometry into the model (i.e., LVEF, LV midwall frac-
ional shortening and LV mass index), higher E/Ea ratio
p < 0.0001), lower LV ejection fraction (p = 0.001) and higher
va b (p = 0.001) were associated independently with reduced
LS (multiple R2 = 0.40). Similar ﬁndings were obtained
D
T
c
vsystemic arterial compliance; (B) systemic vascular resistance; (C)
(F) left ventricular end-diastolic volume (LVEDV) index. Systemic
pedance were calculated using arm-cuff brachial blood pressure.
sing Zva Ao in the multivariable model (p < 0.0001 for E/Ea,
= 0.001 for LVEF and p = 0.002 for Zva Ao; multiple R2 = 0.39).
xclusion of patients with moderate AVS (ELI > 0.55 cm2/m2)
id not alter the results. Independent predictors of impaired
LS in the 57 patients with severe AVS were higher Zva
(p = 0.013), higher E/Ea ratio (p = 0.001) and lower LV
jection fraction (p < 0.0001) (multiple R2 = 0.49). Similar
ndings were observed using Zva Ao in this multivariable
odel (multiple R2 = 0.48).iscussion
he main ﬁndings of the study are that the global (i.e.,
ombined valvular and arterial) load estimated by the
alvuloarterial impedance is superior to indices of stenosis
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Table 2 Correlations between indices of aortic valve stenosis severity, systemic arterial haemodynamics, global left
ventricular afterload and global longitudinal strain.
R p-value
Aortic valve
stenosis severity
Energy loss index (cm2/m2) —0.363 0.001
Mean transaortic pressure gradient (mmHg) 0.155 0.17
Peak aortic velocity (m/s) 0.117 0.30
Valvular resistance (dyne.s/cm−5) 0.363 0.001
Systemic arterial
haemodynamics
Arm cuff systolic blood pressure (mmHg) —0.110 0.33
Aortic systolic blood pressure (mmHg) —0.133 0.23
Arm cuff diastolic blood pressure (mmHg) —0.043 0.70
Aortic diastolic blood pressure (mmHg) —0.101 0.37
Systemic arterial compliance Ao (mL/mmHg/m2) —0.183 0.10
Systemic arterial compliance b (mL/mmHg/m2) —0.220 0.047
Systemic vascular resistance index Ao (dyne.s/cm−5) 0.251 0.023
Systemic vascular resistance index b (dyne.s/cm−5) 0.236 0.033
Pulse wave velocity (m/s) —0.134 0.24
Global LV
afterload
Zva Ao (mmHg/mL/m2) 0.398 < 0.0001
Zva b (mmHg/mL/m2) 0.407 < 0.0001
Zva: valvuloarterial impedance.
Calculations performed with transfer function derived aortic blood pressure are labelled while those derived from brachial blood
h
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tpressure are labelled b.
severity to predict impairment of longitudinal shortening in
patients with AVS and preserved LVEF; second, LV longitudi-
nal contraction is, in large part, determined by indices of
LV preload and afterload; third, the assessment of central
arterial pressure does not appear to improve the predictive
value of the valvuloarterial impedance.
During the natural course of AVS disease, the progressive
rise in LV pressure and wall stress impairs LV systolic function
and subsequently outcome. Identifying preclinical or sub-
tle myocardial dysfunction is of interest to prevent overt
LV systolic dysfunction and has been shown using myocar-
dial deformation in various settings such as hypertensive or
o
f
n
Table 3 Correlation between indices of left ventricular systol
strain.
Variables
LV systolic
function
LV ejection fraction (%)
Midwall fractional shortening
Stroke volume index (mL/m2
Cardiac output (L/min)
LV geometry LV mass index (g/m2)
LV internal diastolic diamete
LV posterior wall thickness (m
LV septal wall thickness (mm
Relative wall thickness
LV diastolic
function
E/A ratio
E/Ea ratio
Left atrial area (cm2)
LV end diastolic volume inde
LV: left ventricular.Ao
ypertrophic cardiomyopathy [14]. Laﬁtte et al. reported
hat asymptomatic AVS patients with normal LVEF have sig-
iﬁcantly lower global longitudinal deformation compared
ith healthy controls [6]. In addition, the reduction in lon-
itudinal function correlated with symptoms and abnormal
ressure response revealed by exercise testing [4,6]. Of
ote, the average GLS observed in our series was lower than
hat of Laﬁtte et al., and is likely due to the enrolment
f patients with exertional symptoms or a history of heart
ailure in our study.
The onset of symptoms or LV systolic dysfunction does
ot always correlate with the classical markers of haemody-
ic, diastolic function and geometry and global longitudinal
R p-value
—0.402 < 0.0001
(%) —0.231 0.037
) —0.453 < 0.0001
—0.350 < 0.0001
0.273 0.013
r (mm) 0.167 0.13
m) 0.253 0.022
) 0.170 0.13
0.101 0.37
0.122 0.28
0.408 < 0.0001
0.042 0.71
x (mL/m2) 0.251 0.023
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Figure 3. Correlation between arm-cuff brachial systolic blood
pressure (SBPb) and central aortic systolic blood pressure (SBPAo),
d
p
p
a
t
s
G
t
a
o
i
o
r
p
v
v
t
m
r34
amic AVS severity (effective AVA, transvalvular gradient or
elocity, etc.). Several papers have demonstrated that cal-
iﬁc AVS cannot be viewed as an isolated disease of the valve
ut needs to integrate also the arterial haemodynamic [15].
n a model that accounts for the cyclic phenomenon of blood
ressure, the aortic input impedance is the main arterial
actor that opposes LV ejection. The aortic input impedance
ainly depends on peripheral vascular resistance and arte-
ial compliance. Owing to the high prevalence of ageing
nd systemic hypertension (30—40%) in the population of
atients with AVS, the LV afterload not only depends on the
eduction in AVA but also on the arterial load. To this effect,
riand et al. proposed a new and easy measureable index of
lobal LV load, i.e., the valvuloarterial impedance Zva [7].
his index was found to correlate with the presence of LV
iastolic and systolic dysfunction and with patient outcome
7,8]. As expected, we also observed a signiﬁcant relation-
hip both in univariate and multivariable analysis between
he LV longitudinal deformation and Zva, while indices of
alvular severity were found to be weak univariate predic-
ors of GLS. It is worthy to note that the use of brachial
r estimated aortic systolic blood pressure did not alter
he predictive value of Zva. In fact, in this elderly popula-
ion, there was a strong correlation and agreement between
entral aortic and brachial pressures (r = 0.99, p < 0.0001;
ean difference of 8.7mmHg, p < 0.0001) (Fig. 3). In addi-
ion, Rajani et al. recently demonstrated that in patients
ith AVS, arm-cuff brachial pressure correlates better with
irectly measured invasive aortic pressure than with radial-
erived aortic systolic pressure [16].
In the present study, the PWV measured by SphygmoCor®
id not correlate with LV longitudinal deformation. The mea-
urement of PWV estimates only the large artery stiffness.
hese data are also in agreement with previous work demon-
trating that PWV did not differ between patients with AVS
nd age- and sex-matched controls [17].
Interestingly, we found that increased LV preload, as
eﬂected by increased E/Ea ratio, correlated with impaired
V longitudinal deformation. Whether increased LV preload
s a cause or a consequence of decreased LV longitudinal
eformation cannot be ascertained from the present data
nd deserves further study. On the one hand, one may con-
ider that the increased LV diastolic pressure affects LV
all stress and subendocardial function. On the other, one
ay speculate that myocyte hypertrophy and myocardial
brosis primary alters LV ﬁlling capacity and thereby the
ranck—Starling relationship.
Impairment of GLS did also correlate with increasing
V end-diastolic volume. According to the Laplace Law,
atients with high global haemodynamic (i.e., pressure)
verload as reﬂected by elevated Zva combined to large LV
nd-diastolic volume are likely to have markedly increased
all stress and thus afterload, which may, in turn, translate
nto depressed myocardial contractility.
imitationshe main limitation of this study is the relatively small
ample size and its cross-sectional nature that pre-
ludes determining whether the changes in valvuloarterial
mpedance after aortic valve replacement correlate with
C
B
cerived by the application of a transfer function applied to radial
ressure waveform recorded by the SphygmoCor® system (upper
anel), and scatter plot of the difference between the two methods
nd the mean values obtained by the two methods (lower panel).
hose in longitudinal contraction [18]. Further longitudinal
tudies are needed to assess the reversibility of impaired
LS and the respective contribution of the valvular load and
hat of the vascular load that is generally unchanged after
ortic valve replacement. In addition, the high proportion
f patients with symptomatic AVS in our series limits the
nterpretation of the present results. Whether the impact
f valvuloarterial impedance on longitudinal contraction
emains signiﬁcant in the subset of asymptomatic AVS
atients deserves further studies. Last, the percentage of
ariance (R2) of GLS explicated by the echocardiographic
ariables of the present study ranged from 0.34—0.49,
hereby suggesting that other unidentiﬁed factors such as
yocardial ﬁbrosis detected at best by cardiac magnetic
esonance imaging may have contributed to lower GLS.onclusions
oth preload and afterload conditions and especially the
ombination of valvular and arterial haemodynamic load
itud
[
[
[
[
[
[
[
[Impact of valvuloarterial impedance on left ventricular long
determine LV longitudinal deformation in patients with AVS
and preserved LVEF. Identifying subclinical myocardial dys-
function at an early stage of the disease may be useful to
optimize therapeutic management and thereby potentially
prevent irreversible LV systolic dysfunction. The integra-
tion of measurements of LV longitudinal deformation in
the decision-making process in a patient with AVS should
be interpreted in light of the level of the valvuloarterial
impedance that can be routinely appreciated using arm-cuff
brachial blood pressure. In addition to aortic valve replace-
ment, treatment aimed at reducing the arterial load should
be considered in AVS patients in order to improve ventricu-
loarterial coupling and cardiac performance and thereby to
prevent symptoms and adverse events.
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